The high incidence of dysphagia in patients with symptomatic gastroesophageal reflux (GER) pectively, esophageal motor function in symptomatic GER uncomplicated by stricture, and observe the effects of a Hill antireflux procedure on this function. We have developed and validated a new method of detecting esophageal dysfunction, radionuclide transit (RT),4 and applied it to this study.
The high incidence of dysphagia in patients with symptomatic gastroesophageal reflux (GER) but no evidence of peptic stricture suggests esophageal motor dysfunction. Conventional methods for detecting dysfunction (radiologic and manometric examinations) often fail to detect abnormality in these patients. Radionuclide transit (RT), a new method for detecting esophageal motor dysfunction, was used to prospectively assess function in 29 patients with symptomatic GER uncomplicated by stricture before and three months after antireflux surgery (Hill). The preoperative incidence of dysphagia and esophageal dysfunction was 73%o and 52%o, respectively. During operation (Hill repair), intraoperative measurement of the lower esophageal sphincter pressure was performed and the LESP raised to levels between 45 and 55 mmHg. The preoperative lower esophageal sphincter pressure was raised from a mean of 8.6 mmHg, to a mean of 18.5 mmHg after operation. No patient has free reflux after operation. Postoperative studies on 20 patients demonstrated persistence of all preoperative esophageal dysfunction despite loss of dysphagia. RT has demonstrated a disorder of esophageal motor function in 52%lo of patients with symptomatic GER that may be responsible for impaired esophageal clearance. This abnormality is not a contraindication to surgery. The results indicate that construction of an effective barrier to reflux corrects symptoms of reflux, even in the presence of impaired esophageal transit. Radionuclide transit is a safe noninvasive test for assessment of esophageal function.
W E HAVE DOCUMENTED, as have others,1-3 that a large number of patients with symptomatic gastroesophageal reflux (GER) have symptoms of dysphagia. The character of the dysphagia often suggests an esophageal motility disorder, yet standard investigations with manometric and radiologic examinations often fail to detect any esophageal abnormality. Impaired esophageal clearance which has been implicated in the cause of reflux disease could result from such a motility disorder. Our aim was to assess, pros- pectively, esophageal motor function in symptomatic GER uncomplicated by stricture, and observe the effects of a Hill antireflux procedure on this function. We have developed and validated a new method of detecting esophageal dysfunction, radionuclide transit (RT),4 and applied it to this study.
Methods
Twenty-nine consecutive patients (15 males, 14 females) with typical symptoms of GER but no radiologic or endoscopic evidence of stricture, who were referred to one of the authors, were studied. Patients known to have scleroderma were excluded. The mean age of the patients was 54 years + 13 (SD). Twenty of these patients were available for follow-up studies three months after operation. Assessment of esophageal motor function was by RT studies and esophageal manometric examination.
Radionuclide Transit (RT)
All studies were performed in the fasting state (>4 hours), with the patient in the supine position, under a low-energy all-purpose collimator of a gamma camera linked to a microprocessor (Union Carbide). Five minutes prior to commencement 100,uCi sulphur colloid (9 mTcSC) in 10 ml of water was ingested by the patien't to act as a gastric marker. The subjects were positioned so that events in the mouth, pharynx, entire esophagus, and stomach could be recorded. A radioactive marker was placed alongside the cricoid cartilage to indicate the proximal esophageal boundary. A swallowing sequences were recorded at 4/10 second intervals for a total of 50 seconds, each, and stored on a computer disc. The studies were analyzed in the manner previously described. 4 Abnormality was initially defined on a temporal basis (normal esophageal transit time < 15 seconds) and the mode of transit was ascertained by pattern recognition as described.4 The patterns are:
Normal-three distinct sequential peaks of activity in proximal, middle, and distal esophagus respectively and a transit time < 15 seconds ( Fig. 1 ). Prolonged transit-similar to normal but transit time > 15 seconds. Adynamic-complete failure or very slow (>25 seconds) distal progression of bolus seen as loss of normal sequential peaks.
Incoordination-multiple peaks of activity denoting disorganized bolus transit with a transit time > 15 seconds.
When reflux was seen ( Fig. 2) , transit times were not calculated. The RT studies were intrepreted by one of the authors who had no prior knowledge of clinical data or results of other tests.
Manometric Examination
On a separate occasion, peristalsis was recorded with a catheter assembly comprising six fused polyvinyl catheters (OD 1.2 mm, ID 0.8 mm) with side holes circumferentially placed 5 cm apart. Each catheter was perfused with water (0.5 ml per minute) using a hydropneumatic infusion pump (Arndorfer). Esophageal intra- October 9, 1979 , and were carried out with the informed consent of study subjects.
Results
The pre-and postoperative findings are tabulated in Twenty-eight of the patients underwent preoperative manometric examinations and 5/28 (18%) of these patients had manometric abnormalities. These abnormalities did not fit into the classic pattern of achalasia or diffuse spasm, but consisted of abnormalities of velocity, duration, or amplitude and were classified as nonspecific motor disorders.
RT abnormalities were encountered in 15/29 (52%) of the patients. In all but one patient, the abnormality consisted of incoordination (Fig. 3) . Abnormalities of RT were found not only in the patients with severe and mild dysphagia but in some patients who did not complain of dysphagia (Table 2) .
Intraoperatively, the LESP was measured with a single pressure tube with a side hole 12 cm from the tip attached to a pressure transducer and recorder. Final postrepair intraoperative pressures ranged from 45 to 55 mmHg. The mean LESP before operation was 8.6 mmHg. The mean LESP after operation was 18.5 mmHg (Fig. 4) . No patient has had free reflux after operation.
Postoperatively, only one patient still complained of 25.00 50.00
Of the 11 patients who had had an abnormal preoperative RT tracing, all remained abnormal on postoperative reexamination, indicating persistence of the abnormality (Fig. 5) . No new RT abnormalities appeared.
Discussion
We have applied a new technique-radionuclide transit-to a study of esophageal motor function in patients with symptomatic GER. Twenty-nine consecutive patients with typical symptoms severe enough to warrant surgery were studied. These symptoms were refractory to adequate conservative treatment. Peptic stricture and scleroderma were contraindications to inclusion in the study. A standard method to confirm the presence of reflux was used.
The incidence of dysphagia in this consecutive series of patients referred for antireflux surgery was high (73%). Obstruction of the esophageal lumen by stricture or webs had been ruled out by radiographic examination and, in most cases, by endoscopic examination. Ordinary barium swallows had not shown a motility disturbance, and even the more sensitive esophageal manometry had demonstrated motor abnormalities in only 18% of the patients tested. Radionuclide transit tests revealed abnormalities in peristalsis in 52% of the patients. There still remain patients with dysphagia in whom RT was normal and some patients with abnormal RT tests who did not complain of dysphagia.
After encountering this high rate of RT abnormalities in the patients before operation, our hypothesis was that the abnormality was secondary to reflux damage to the esophageal wall and that it would disappear with surgical correction of the reflux. This was clearly not the case as the RT abnormalities persisted in all patients in whom it was demonstrated before operation, even though the reflux was corrected by surgery.
If the RT abnormalities were not secondary to the reflux, it is possible that the RT abnormalities might have antedated the clinical manifestations of reflux and helped lead to the severe reflux damage exhibited in this group. One of the factors felt important in the production of reflux damage is the ability of the esophagus to clear itself of refluxed acid. Studies in asymptomatic individuals show that reflux is a normal event. 5, 6 Boesby6 found a prolonged duration of reflux in symptomatic patients, as compared with a control asymptomatic group. Dodds7 reported similar findings. Gross abnormalities in esophageal motor function have been reported in patients with reflux. [8] [9] [10] [11] [12] Recently, a defect in acid clearance has been felt to be most important in the pathogenesis of esophagitis. 13 Tolin et al.,14 using a different technique of radionuclide transit than the one used in this study, have demonstrated an increased transit time in some patients with reflux. They questioned whether such prolongation of radionuclide transit was a primary event or secondary to reflux and its concomitant inflammatory changes. Our data would be more consistent with a primary change. Our current hypothesis is that the RT abnormality demonstrated should correlate closely with prolonged acid clearing times. In our hands, ordinary manometric examination has not been able to predict which patients have prolonged acid clearing times.
Several questions remain unanswered by our findings. Why did the dysphagia in patients with reflux disappear after correction of reflux, even though the motor abnormality detected by RT persisted? One possibility is that arrest of a bolus in normal patients is more common than is usually recognized and that such arrest can be asymptomatic.'5 Perhaps the mucosal changes secondary to reflux allow perception of an arrested bolus (dysphagia) but the mucosal changes disappear after correction of the reflux, and the dysphagia disappears. Why did some patients have dysphagia and yet have normal RT studies? Perhaps the abnormality detected by RT is intermittent and more than three swallows would be necessary in order to detect RT abnormalities, or possibly a fluid bolus as used in this study is the wrong test object to detect dysphagia, which is usually brought on by solids. Studies using a radioactively labelled solid bolus in detecting RT abnormalities are currently underway in our laboratory.
Of what practical use are RT studies in the preoperative evaluation of patients with severe reflux? We feel, currently, that the RT investigation is the most sensitive method of detecting esophageal motor abnormalities available; therefore, a normal RT test should make a significant underlying motor disorder of the esophagus extremely unlikely. If, however, a RT abnormality is detected, manometry should be employed in the preoperative evaluation to make certain that a severe motility disturbance, which might prejudice the operative result, is not present. As this study has demonstrated, RT abnormalities, alone, do not necessarily mean a bad postoperative result! We feel that a high proportion of patients whose reflux disease is severe enough to warrant surgery will have dysphagia. Most, but not all, of these patients will have RT abnormalities even though conventional radiographic and manometric studies are normal. These RT abnormalities will persist even though reflux has been successfully corrected and dysphagia has disappeared. This suggests that the motor abnormalities detected by RT may play an etiologic role in severe reflux esophagitis.
Conclusions
In conclusion, this study has demonstrated that there is a high incidence of dysphagia not related to stricture in patients with reflux severe enough to be considered for surgery. Conventional studies by manometry demonstrated abnormalities of esophageal motor function in only a minority of cases, but RT studies detected abnormality in a high proportion of cases. This RT abnormality consistently persisted after surgical correction of reflux, indicating it is unlikely to be a result of reflux. The possibility that this abnormality promotes reflux damage and, hence, dysphagia is attractive; however, the abnormality caused no significant postoperative dysphagia and is, therefore, not a contraindication to surgery. These results indicate that construction of an adequate barrier to reflux corrects the symptoms of reflux even in the presence ofimpaired esophageal transit.
Radionuclide transit is safe, noninvasive, and simpler than other studies used to test esophageal function.
